To investigate the inhibitory effect of lemon and orange juices on the growth of struvite crystals. Struvite crystals were grown by the single diffusion gel growth technique and the inhibitory effect of lemon and orange juices on the growth of struvitecrystals has been studied. With an increase in the concentration of lemon and orange juices, the weight of the formed crystals was gradually reduced from 2.49 g to 0.09 g (lemon juice) and 2.49 g to 0.21 g (orange juice) for the struvite crystals, respectively. The crystals harvested from the treated lemon and orange juices were characterized by Fourier Transform Infrared Spectroscopy (FTIR) to confirm the functional groups. Results obtained indicated that lemon juice has the potential to inhibit the formation of struvitecrystals as compared to orange juice. This study confirms that using lemon juice can promote the formation of ammonium magnesium phosphate hexahydratecrystals and reduce the nucleation rate of struvitecrystals, a major component of urinary stone.
impact of lemon juice as an inhibitor is higher than that of orange juice. Citrate is 6 times concentrated in the lemon juice compared to the orange juice [26] . This is in agreement with our observations that orange juice increased inhibition of crystal growth, but it did not alter the rate of nucleation and aggregation significantly. And also in this study, lemon juice was found to be the most potent inhibitor of struvite crystals. Therefore, it is very much necessary to study the growth-inhibition of Struvite crystals. In the present investigation, Struvite crystals were grown by single diffusion gel growth technique and the growth inhibition study of the Struvite crystals in the presence of the different concentration of lemon and orange juice separately are reported for the first time.
II. MATERIALS AND METHODS

A. Materials and instruments
Analytical grade of anhydrous magnesium acetate, ammonium dihydrogen phosphate, sodium metasilicate, were all purchased from sigma-aldrich, New Delhi, India. Fourier Transform Infrared (FTIR) spectra were recorded with a nominal resolution of 4 cm -1 and a wave number range from 400 to 4000 cm -1 using the KBr pellet technique.
B. Preparation of fresh citrus fruit juice
The fresh citrus fruit lemon and orange were purchased from the local Gandhi market, Trichy. The procured fruits were washed and dried at room temperature. The outer portion of these fruits was wiped with 70% alcohol and fresh juice was collected by using sterile syringe for further in vitro study.
C. In-vitro growth of Struvite crystals
Glass test tubes were used as a crystallization apparatus and the single diffusion reaction technique was employed [17, 25] . One of the reactants, 0.5 M ammonium dihydrogen phosphate (ADP), was mixed with sodium metasilicate solution the density of 1.04g/cm 3 at pH9.4, so that the pH of the mixture was maintained at 6 and left undisturbed for 2-3 days. After gelation took place, the supernatant solution of 1 M Magnesium acetate was gently poured onto the set gel in various test tubes. After pouring on each supernatant solution, the test tubes were capped with airtight stopples. The experiments were conducted at room temperature (37C).
D. The nomenclature of different additive solution on the growth of struvitecrystals
An attempt was made to investigate the putative activity of the fruit of lemon and orange juice separately as inhibitors of Struvite crystal formation in gel method. The supernatant solutions as given in (Table 1) were added to the set gels and the results were noted. The experiments were repeated four times. To study the effect of the fruits of lemon and orange juice on the growth of Struvite crystals, a series of five different concentrations of 1% to 5% (v/v) of these each lemon and orange juice were added in equal amounts in supernatant solution and the average weight of the grown crystal were measured separately.
E. Characterization of the grown crystal
The grown Struvite crystals were characterized using FTIR to verify the compound and structure of the grown crystal. FTIR was performed by Hitachi 570 FT-IR spectrophotometer technique to verify the proper formation of crystal and their purity [24, 26] .
F. Statistical analysis
The masses of the crystals (gm) are presented as the mean ±Standard deviation for the control and treatment samples. One-way analysis of variance (ANOVA) followed by Tukey's test for multiple comparison were made between groups. Values of p<0.05 was considered to be significant. 
III. RESULTS AND DISCUSSIONS A. Effect of lemon juice on Struvite crystals
The effect of lemon juice on nucleation and crystallization characteristics of struvite crystals is determined by measuring the weight of the formed crystals. In the gel method, the control using pure Mg CH 3 COO 2 •4H 2 O led to the maximum nucleation of crystals growth within 24 h of adding the supernatant solutions Fig. 1 (1a) . In the presence of lemon juice, nucleation was delayed and reduced masses of the crystals were observed 96 h after adding the supernatant solutions Fig. 1 (1b-g) . Morphology of the harvested crystals after addition of lemon juice as shown in Fig. 2 .The largest single struvite crystals having dimensions of 3.2 cm as observed in (Fig. 3a) . The sizes of the struvite crystals were reduced from 3.2 cm to 0.2 cm at 1% lemon juice was observed in (Fig. 3c g).With an increase in the concentration of lemon juice from 1% to 5% (v/v), the weight of the formed crystals was gradually reduced from 2.47 g to 0.09 g at 5% concentration of lemon juice respectively. The ANOVA statistical analysis was performed and different parameters have been evaluated, and p<0.05 has suggested that the correlation is significant as shown in (Table 2) . with the 5% lemon juice after 7 days.
B. Effect of orange juice on Struvite crystals
The effect of orange juice on nucleation and crystallization characteristics of struvite crystals is determined by measuring the weight of the formed crystals. In the gel method, the control using pure Mg CH 3 COO 2 •4H 2 O led to the maximum nucleation of crystals growth within 24 h of adding the supernatant solutions Fig. 4 (4a) . In the presence of orange juice, nucleation was delayed and reduced masses of the crystals were observed 96 h after adding the supernatant solutions Fig. 4 (4b-g) . Morphology of the harvested crystals after addition of orange juice as shown in Fig. 5 .The largest single struvite crystals having dimensions of 3.2 cm as observed in (Fig. 6a ). The sizes of the struvite crystals were reduced from 3.2 cm to 0.5 cm at 1% orange juice was observed in (Fig.  6c-g) .With an increase in the concentration of orange juice from 1% to 5% (v/v), the weight of the formed crystals was gradually reduced from 2.47 g to 0.21 g at 5% concentration of orange juice respectively. The ANOVA statistical analysis was performed and different parameters have been evaluated, and p<0.05 has suggested that the correlation is significant as shown in (Table 3) .
Recently, growth inhibition studies of Struvite crystals in the presence of some of the herbal extracts [17, 18, 25] were attempted in literature. In the present work, Struvite crystals growth was reduced due to the inhibitory effect of fruit of lemon juice as compared to the orange juice under in vitro conditions. As lemon juice contain citric acid, this further supports the earlier theories on citrate inhibition and indicate that, consumption of lemon juice may help to inhibit the growth of struvite crystals containing urinary calculi in body. Fig. 4 : The effect of orange juiceon struvite crystals in the gel method (a) without any additive (b) with the distilled water (c) with the 1% lemon juice(d) with the 2% lemon juice (e) with the 3% lemon juice (f) with the 4% lemon juice (g) with the 5% lemon juice after 7 days. Fig. 5 : The harvested crystals of struvite obtained from orange juice in the gel method (a) without any additive (b) with the distilled water (c) with the 1% lemon juice(d) with the 2% lemon juice (e) with the 3% lemon juice (f) with the 4% lemon juice (g) with the 5% lemon juice after 7 days. with the 5% lemon juice after 7 days.
C. Characterization of Struvite crystals
The FTIR spectra of Struvite crystals obtained in the presence and absence of the lemon and orange fruit juice are shown in Fig.  7and 8. In fig. 7 and 8(a) without any additive, a strong band at 2358 cm -1 are due to the antisymmetric and symmetric stretching vibration of NH 4 units. The peak at 1636 cm -1 is due to HOH deformation of water and the peak at 1441 cm -1 is due to the HNH deformation modes of NH 4 units. The band at 1007 cm -1 is due to V 3 antisymmetric stretching vibration and the peak at 757 cm -1 is due to the water liberational and NH 4 rocking modes. The peak at 568 cm -1 is due to the V 4 bending modes of the PO 4 units. In the presence of 5% lemon juice Fig. 7(f) , a band at and 2374 cm -1 is due to the antisymmetric and symmetric stretching vibration of NH 4 units. The peak at 1625 cm -1 is due to HOH deformation of water and the peak at 1438 cm -1 is due to the HNH deformation modes of NH 4 units. The band at 1004 cm -1 is due to V 3 antisymmetric stretching vibration and the peak at 758 cm -1 is due to the water liberational and NH 4 rocking modes. The peak at 568 cm -1 is due to the V 4 bending modes of the PO 4 units. In the presence of 5% orange juice Fig. 8(f) , a band at and 2365 cm -1 is due to the antisymmetric and symmetric stretching vibration of NH 4 units. The peak at 1637 cm -1 is due to HOH deformation of water and the peak at 1441 cm -1 is due to the HNH deformation modes of NH 4 units.. The band at 1005 cm -1 is due to V 3 antisymmetric stretching vibration and the peak at 760 cm -1 is due to the water liberational and NH 4 rocking modes. The peak at 577 cm -1 is due to the V 4 bending modes of the PO 4 units. Several researcher have reported crystallization characterization of Struvite crystals using FTIR techniques [17, 25] . The peaks shift from 2358 to 1674 cm -1 and from 1441 to 1438 cm -1 for HNH deformation modes of NH 4 units previously reported. The shifting further supports that the lemon juice can promote the formation of ammonium magnesium phosphate hexahydrate crystals and reduce the nucleation rate of struvite crystalsas compared with orange juice. The FTIR spectra of struvite crystals obtained from lemon juice in the gel method (a) without any additive (b) with the 1% lemon juice (c) with the 2% lemon juice (d) with the 3% lemon juice (e) with the 4% lemon juice (f) with the 5% lemon juice after 7 days. Fig. 8 : The FTIR spectra of struvite crystals obtained from orange juice in the gel method (a) without any additive (b) with the 1% lemon juice (c) with the 2% lemon juice (d) with the 3% lemon juice (e) with the 4% lemon juice (f) with the 5% lemon juice after 7 days.
IV. CONCLUSION Struvitecrystals were grown by single diffusion gel growth techniques and were characterized by FTIR technique for the experimental confirmations of the grown crystal. With an increase in the concentration of lemon and orange juices, the weight of the formed crystals was gradually reduced from 2.49 g to 0.09 g (lemon juice) and 2.49 g to 0.21 g (orange juice) for the struvite crystals, respectively. FTIR techniques confirmed its functional groups of Struvite crystals. One way ANOVA performed with treated and untreated crystal growth data obtained from Struvite crystals showed significant differences (p<0.05). This study
